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$\Vert A\Vert\Vert A^{\uparrow}\Vert$ . $\overline{\backslash }$ $A^{\uparrow}$ $A$ .
$Ax=b$ , $x$ $b$ .
, $b$ $b_{\Delta}$ , $x$ $x_{\Delta}$
. , ,
. 1




$Ax=b$ , $b\in l_{2}$











$A=URDV^{T}$ , $D\equiv ddiag(d_{1},d_{2}, \cdots)$ , $d_{1}\geq d_{2}\geq\cdots>0$ . (1)
$U,$ $V$ , $R$ , $D$ .
1 $\epsilon>0$ $\grave{\lambda},$ $C\equiv dU^{T}b=(c_{1}, c_{2}, \cdots)^{T}$ , $\sum_{i>n}c_{i}^{2}<\epsilon^{2}$ $n=n(\epsilon)$
,
$A_{n}\equiv dURD_{n}V^{T}$ , $D_{n}$ ” diag$(d_{1}, \cdots, d_{n}, 0, \cdots)$
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2$A_{n}x=b$ 2 $Ax=b$ 2
.
, 2 (1), $b$ $\epsilon$ .
, $\epsilon$ $n$ , $R$ , $n$
. 2
.

















$U^{T}U=V^{T}V=I$ , $\Sigma=diag(\sigma_{1},\sigma_{2}, \cdots)$
. , $I$ . , $\{\sigma_{i}\}$ $A$ , $U=$





3 $\{\sigma_{i}\}$ $A$ . , ,
$\lim_{karrow\infty}\sigma_{k}=0$ (3)
3,
$Ax=b$ , $b\in l_{2}$
.
$Ax=b$ , $A^{\uparrow}$ $\Vert A^{\uparrow}\Vert=\infty$ . $\backslash$
, $A$ (2) . , $Ax=b$




$\sigma_{i}z_{i}=c_{i}$ , $i=1,2,$ $\cdots$ .
2 $x_{n}^{(SVD)}$ , 1 , $R=$








, $\epsilon_{\mu}$ , $\epsilon_{\mu}$ $0$ .
, $\sigma_{m+1}<\epsilon_{\mu}$ $m=m(\epsilon_{\mu})$ , $\sum_{i>m}c_{i}^{2}>\epsilon_{\mu}^{2}$ ,
1/\sim . l2 .
, 2
. 1
$\int_{0}^{1}e^{st}f(t)dt=\frac{e^{s+1}-1}{s+1}$ , $0\leq s\leq 1$ (7)
450 .
1 [1] . $f(t)=e^{t}$ .
2 1 .
, $\epsilon_{\mu}=$ 1.0 $\cross$ 10-” .






















$= \frac{b\sin\pi s}{1-2b\cos\pi s+b^{2}}$ , $-1\leq s\leq 1$
2 .
$f(t)= \frac{a-\cos\pi t-a^{2}}{1-2a\cos\pi t+a^{2}}$











. , . (7)
10 , . , 10




$U,$ $V,$ $c$ , .
, $A$ , $A$
$AP=Q_{1}DS$ , $D\equiv ddiag(d_{1}, d_{2}, \cdots)$ (9)




$|s_{ij}|\leq 1$ , $j>i$
6. , $A$
$P$ .
, $S$ . $S$ , [7] .
, $S$ , . ,
, $s_{iJ},$ $(j>i)$ [-1, 1] . , $s^{\tau_{S}}$
, $s_{ij}$ , , $S$
. , (9) , $A$ (3) , $D$
.
, $S^{T}$ $QR$ , $S^{T}=Q_{2}L^{T}$ ,
$A=Q_{1}DLQ_{2}^{T}$
. , $Q_{2}$ , $L$ . , $L$
, $Q_{2}$ , $S$ . , $D$ $L$
$A=Q_{1}MDQ_{2}^{T}$ , $M\equiv dDLD^{-1}$ (11)




$d_{L}(k) \equiv d\frac{1}{m-k}\sum_{j=1}^{m-k}|l_{k+j,j}|$ , $L=(l_{ij})$ .
$d_{M}(k)$ . $m$ $L,$ $M$ . (7) (8)
3 .
$\log$ $log$
3: $L$ $M$ .
$M$ $L$ .
, $M$ $QR$ , $M=Q_{3}R$ . $Q_{3}$ , $R$
. , 3 QR , $A$
$A=Q_{1}Q_{3}RDQ_{2}^{T}$
7. , $U\equiv Q_{1}Q_{3}dV\equiv Q_{2}d$ ,
$A=URDV^{T}$ (12)
.
, $Ax=b$ . $A$ (12) ,
$Ax=b$ 2 $x_{n}^{(QR)}$ , 1
, \epsilon $=\epsilon_{b}$ .
4
(12) , $Ax=b$ .
, $A,$ $b$ , $\epsilon_{\mu}>0$ \epsilon b $\geq\epsilon_{\mu}$ .
[Step 1] $A$ , \sim
, $A$ QR
$AP=Q_{1}DS+O(\epsilon_{\mu})$
. , $P$ . $m=m(\epsilon_{\mu})$
\epsilon \mbox{\boldmath $\mu$} , $Q_{1}$ $m$
, $S$ $m$ , $D$ $m$ .
[Step 2] \triangle b $=b-Q_{1}Q_{1}^{T}b$ . , $\Vert\triangle b\Vert>\epsilon_{\mu}$
$l_{2}$ .
[Step 3] $S^{T}$ $QR$ . , $S=LQ_{2}^{T}$ . , $L$ $m$
.
[Step 4] $D$ $L$ $M=DLD^{-1}$ , $M$ $QR$ $M=Q_{3}R$
. $R$ $m$ .




[Step 6] $c_{n}=(c_{1}, \cdots, c_{n}, 0, \cdots, 0)^{T}\in R^{m}$ , $Ry_{n}=c_{n}$ .
8[Step 7] $D_{n}Q_{2}^{T}x=y_{n}=(y_{1}, \cdots, y_{n}, 0, \cdots, 0)^{T}$ $x$ .
$\xi_{i}$ $=$ $\{\begin{array}{l}y_{i}\overline{d_{i}}’0\end{array}$ $i>ni=1,2,$
$\cdots,$ $n$
$x$ $=$ $Q_{2}(\xi_{1}, \cdots,\xi_{n},0, \cdots)^{T}$.
$x$ $P$ 2




. , $b$ .




. , $I_{t}$ $I_{s}$ [-1, 1] .
[-1, 1] $N$ . $\{x_{1}, \cdots, x_{N}\}$ ,
$\{w_{1}, \cdots, w_{N}\}$ . ,
$\hat{K}$
$\equiv d$ $(K(x;, x_{j}))\in R^{NxN}$ ,
$W^{\frac{1}{2}}$ $\equiv d$
$diag(\sqrt{w_{1}}, \cdots, \sqrt{w_{N}})\in R^{N\cross N}$ ,
$g$
$\equiv d$ $(g(x_{1}), \cdots,g(x_{N}))^{T}\in R^{N}$
, $f$ , $R^{N}$ 2
$\Vert\int_{-1}^{1}K(s, t)f(t)dt-g(s)\Vert_{L_{2}}\approx\Vert W^{\frac{1}{2}}\hat{K}W^{\frac{1}{2}}W^{\frac{1}{2}}f-g\Vert$ , $f\equiv d(f(x_{1}), \cdots, f(x_{N}))^{T}$
. , $\Vert\cdot\Vert_{L_{2}}$ $L_{2}$ . ,
, $\epsilon_{\mu}$ , $N$
. , 2 ,
$Ax=b$ , $A\equiv dW^{\frac{1}{2}}\hat{K}W^{\frac{1}{2}}$ , $b\equiv dW^{\frac{1}{2}}g$
2 . $x=W^{\frac{1}{2}}f$ .
(7) 4 .
9$1og$ $\log$
4: (7) (12) 2;
.
$d_{n},$ $c_{n}$ ,
$D$ $=$ diag$(d_{1}, --, d_{m})$ , $A=Q_{1}Q_{3}RDQ_{2}^{T}$ ,
$c$ $=$ $Q_{3}^{T}Q_{1}^{T}b=(c_{1}, \cdots,c_{m})^{T}$
, 1 . , $A$
$D$ .



















. , $A$ $\Vert A\Vert\Vert A\dagger\Vert=\infty$ .
2 , . $A$
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